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Background: The long-term prognosis of arteriovenous (AV) polytetrafluoroethylene (PTFE) hemodialysis grafts is
dissatisfying. Responsible for the poor outcome is a stenosis of the venous anastomosis. This originates from both
pseudointimal (PI) and neointimal hyperplasia (IH) development. Although cuffed grafts have a better short-term
prognosis than straight grafts, the late results of both types are poor. This current study aimed to compare both
arteriovenous straight and Venaflo-type (Bard, Tempe, Ariz) prostheses in an animal study with regard to patency, PI,
and IH development.
Methods: Sixteen iliac arteriovenous expanded polytetrafluoroethylene (ePTFE) loops were inserted into 16 pigs. Animals
were randomized into two groups. Group 1 animals received straight configured ePTFE grafts and group 2 animals
received grafts with a Venaflo-type cuffed venous anastomosis. After insertion of the shunts and immediately before graft
harvest, the shunt flows were measured. Six weeks after implantation, patency rates and development of pseudointima
(PI) within the grafts were noted. The thickness of the venous intimal hyperplasia was measured using digital planimetry.
Results: Patency rates after 6 weeks were 25% for straight and 62% for Venaflo-type grafts. In both groups a significant
decrease of the graft blood flow compared with the preoperative levels was observed, which was attributed to the marked
development of pseudointima. The reduction in flow at graft harvest was greater in the straight ePTFE group (658  68
vs 260  42 mL/min, P < .05) than for the Venaflo-type grafts (770  107 vs 661  284 mL/min, P  ns), but the
differences between the groups were statistically not significant. A marked pseudointima developed in the Venaflo cuff.
The PI development was significantly higher in the graft hood (2.9 0.6 mm) than in the heel (2.5 0.4 mm, P< .05).
In both groups, an intimal hyperplasia formed on the vein wall just opposite to the graft inflow. The intimal hyperplasia
development was more pronounced in the straight configured shunts.
Conclusions: The results of the present study confirm the inferior clinical results of ePTFE grafts used for hemodialysis
access. Although the patency rates of cuffed grafts were superior, in both graft types a significant pseudointima leading
to subtotal graft stenosis was observed in all grafts. Both straight and Venaflo-grafts. The Venaflo grafts have a slightly
bettertype cuffed ePTFE grafts have major hemodynamic drawbacks that have to be addressed in future graft design
efforts. ( J Vasc Surg 2011;53:1661-7.)
Clinical Relevance: Arteriovenous grafts have a poor long-term prognosis. The problem in most cases is the development
of a stenosis at the graft vein anastomosis. Currently, two different graft types are available, the straight and the
Venaflo-type grafts. The Venaflo grafts have a slightly better outcome compared with the straight grafts. However, there
are only clinical data available. The amount of pseudointima and intimal hyperplasia development is not exactly known.
We therefore aimed to compare both graft types in a controlled animal setting. This is the first time that both graft types
are evaluated using a randomized controlled animal study.
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iArteriovenous expanded polytetrafluoroethylene (ePTFE)
grafts have a poor long-term prognosis, which results from
a severe stenosis development at the graft-vein anastomo-
sis.1-3 Currently, two different graft configurations are
available, the straight uncuffed ePTFE graft and the cuffed
Venaflo graft (Bard, Tempe, Ariz).4 While the Venaflo
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doi:10.1016/j.jvs.2011.01.061rosthesis features a venous cuff expansion, for straight
rafts, standard 6 to 7 mm PTFE prostheses without any
nastomotic modifications are used. There are several vari-
tions of the ePTFE wall of straight grafts available, but
urrently only the Venaflo graft uses a diameter variation as
design feature. However, the long-term patency of both
raft types is limited and dissatisfying.5,6 The necessary
urgical repair and maintenance procedures are associated
ith high morbidity and healthcare expenditures.1
The majority of arteriovenous straight grafts occlude
ithin 2 years. However, although the Venaflo graft pa-
ency usually extends beyond this time period, in the later
ourse, a stenosis develops in most cases within the venous
nastomosis. Hence, the long-term results of the Venaflo
raft are equally dissatisfying as those of the straight
rafts.4,7
Several in vitro and computational fluid dynamics stud-
es aimed to describe the complex hemodynamics of arte-
iovenous graft anastomoses.8-12 The complexity of the
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June 20111662 Heise et alhemodynamics of av-anastomoses results from the connec-
tion of high-pressure high-velocity arterial flow to a low-
pressure low-velocity venous circulation. The conse-
quences of these rather artificial connections are twofold.
First, the active hyperplastic intimal adaptation of the ve-
nous wall to the high shear forces results from the impact of
the arterial inflow on the vein wall; second, themore passive
development of a pseudointima at the PTFE wall. The high
shear forces are primarily a problem of the straight graft
configuration, since the venous expansion of the Venaflo
leads to a significant decrease of the mainstream velocity
and, consecutively, of the wall shear stresses present near
the vein wall.8,9 However, the cuff itself prompts hemody-
namic problems, since it promotes separation areas within
the cuffed graft section. In a pipe flow, flow separation
invariably occurs when the luminal diameter widens and the
mainstream wall angle exceeds 6 to 7°.13 In areas of flow
separation, a localized near wall thrombus develops due to
the high thrombogenicity of PTFE. The thrombotic wall
accumulations are eventually transformed to the well-
known pseudointima lining within ePTFE grafts (Fig 1).
Unfortunately, no randomized clinical trials comparing
the straight and Venaflo grafts exist, and little is known about
the extent of venous intimal hyperplasia and pseudointima in a
controlled setting. We, therefore, aimed to compare straight
grafts andVenaflo-type cuffed ePTFEarteriovenous grafts in a
randomized porcine study with regard to patency, develop-
ment of intimal hyperplasia, and pseudointima.
METHODS
Animal experiments
Following randomization using closed envelopes, 16
PTFE grafts were implanted into 16 female domestic pigs
(30-35 kg, age, 10-16 weeks, German Landrace). Group 1
animals (n  8) received straight grafts, and group 2
animals (n  8) received cuffed Venaflo-like grafts. The
study protocol was approved by the local ethics committee.
Animal care complied with the Principles of Laboratory
Animal Care and the Guide for the Care and Use of
Laboratory Animals (NIH Publication No. 85-23, revised
Fig 1. Angiogram (A) and intraoperative situs (B) of a
male. A subtotal stenosis at the graft vein anastomosis is
graft wall and intimal hyperplasia of the recipient vein. Th
patch implantation.1996). lnesthesia and surgical procedures
Graft implantation. Following intramuscular seda-
ion with 4 mg/kg azapiron (Stresnil, Janssen, Germany),
0 mg/kg ketamine (Ursotamin, Serumwerk Bernburg,
ermany), and 0.05 mg/kg atropine (B. Braun AG, Mel-
ungen, Germany), a 20-gauge needle was inserted in an
ar vein. After endotracheal intubation, general anesthesia
as maintained with isoflurane (Baxter AG, Munich, Ger-
any) and oxygen. Antibiotic prophylaxis was managed
ith 1.2 g amoxicillin (Augmentan; GlaxoSmithKline
mbH, Munich, Germany) intravenously intraoperatively
nd with two doses postoperatively.
Following a midline incision, the left common iliac artery
nd vein were dissected free. Systemic heparinization was
chieved with 300 IE/kg heparin and, subsequently, the
ommon iliac vein was clamped. The graft-to-vein anastomo-
is was created end-to-side at a 45° angle using two continu-
us 7-0 polypropylene (Prolene; Ethicon, Norderstedt, Ger-
any) sutures. The arterial anastomosis was created using a
unning 7-0 polypropylene suture in a side-to-end fashion at a
0° angle. All grafts were covered by a reinforced 8 mm
PTFE graft for prevention of graft kinking (Fig 2). The graft
flo graft 12 months after implantation in a 68-year-old
nt. The stenosis comprised both of pseudointima at the
nosis was treated with a polytetrafluoroethylene (PTFE)
ig 2. Intraoperative situs of an arteriovenous loop graft. The
raft was inserted between the left iliac artery and vein. The grafts
ere covered using a reinforced 8 mm expanded polytetrafluoro-
thylene (ePTFE) graft to prevent kinking.Vena
prese
e steoop was placed into a retroperitoneal pocket. One advantage
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Volume 53, Number 6 Heise et al 1663of the retroperitoneal placement of the grafts was the facilita-
tion of the graft placement with the mentioned angles, since
the grafts would sit naturally in the retroperitoneal pocket.
Before closure of the abdominal wall, the blood flow through
the av-shunt was measured using an ultrasonic flow meter
(T206; Transonic Systems Inc, Ithaca, NY).
Follow-up and graft explantation. Graft patency was
controlled weekly during the 6-week follow-up period us-
ing color-coded duplex sonography under sedation. Due to
the retroperitoneal placement of the grafts, the detection
and validation of stenoses using ultrasoundwas not reliable.
Therefore, the sonography was only used to confirm graft
patency and not for clinical decisions.
After 6 weeks, the pigs were anesthetized as described
above. The iliac vessels and the PTFE graft were dissected
free, and the flow rates through the shunt were measured
after clamping of the distal iliac artery. Systemic hepariniza-
tion was achieved with 300 IE/kg, and the distal aorta was
cannulated. The external iliac artery was ligated and the
av-shunt was perfusion fixed using 4% formaline and a
perfusion pressure of 100 mm Hg. The graft with the
adjacent arterial and venous anastomoses was removed and
stored for later histologic examination.
Specimen processing and morphometric analy-
sis. Since the development of intimal hyperplasia and pseu-
dointima primarily depends on the presence of blood flow
and shear stress, only grafts that were patent at the time of
explantation were included in the histologic analysis. After
dehydration to 100% ethanol, the specimens were paraffin
embedded. The specimens were serially cut into longitudi-
nal 5 m sections until the central venous anastomosis with
the maximum diameters of the vein and adjacent grafts
were identified. The arterial anastomoses were prepared in
an analogous fashion. The corresponding sections were
deparaffinized in xylene and rehydrated. After hydration,
the slides were stained with the Verhoeff’s elastic stain and
van Gieson’s counterstain technique to highlight the inter-
nal elastic lamina. Additional hematoxylin and eosin stained
slides were obtained in a standard manner. Sections were
analyzed using digital planimetry (AxioVision Rel 4.8.1;
Carl Zeiss Microimaging GmbH, Jena, Germany). The
neointima of the vein wall opposite to the anastomosis was
measured as the distance between the internal elastic lamina
and the lumen at five evenly spaced locations (Fig 3). The
total length of the intimal hyperplasia cushion and the
lengths of the pseudointima fields at the heel and hood side
Fig 3. Diagram of the measurement sites of intimal hyperplasia at
the venous wall. The neointimal hyperplasia (IH) was measured on
five evenly distributed sites of the hyperplastic lesion.of the graft were measured. statistics
Data were expressed as mean  SD. The patency was
nalyzed by means of 2 analysis and log-rank test. Differ-
nces between flow rates within the same groups were
alculated using theWilcoxon test, and between the groups
sing theMann-WhitneyU test and the Kruskal-Wallis test.
values .05 were considered as being statistically signif-
cant.
ESULTS
Patency rates. After 6 weeks, six out of eight straight
rafts (cumulative patency 25%) and three out of eight
enaflo grafts (cumulative patency 62%) were occluded
Fig 4). Although the patency rate of the Venaflo groupwas
oubled at the end of the experiment, the differences were
ig 4. Kaplan-Meier curves of the postoperative patency of
traight and Venaflo-type arteriovenous expanded polytetrafluoro-
thylene (ePTFE) grafts. The patency of straight grafts was lower.
he grafts started to fail during the first week, while the occlusions
n the Venaflo-type group occurred toward the end of the follow-
p. However, the differences were statistically not significant (log-
ank test).
ig 5. Comparison of intimal hyperplasia development on the
ein wall. The amount of neointimal hyperplasia (IH) was almost
oubled in the straight graft group (ns). ePTFE, Expanded poly-
etrafluoroethylene.tatistically not significant.
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June 20111664 Heise et alFlow rates. The measured flow rates at the time of
graft harvest were significantly lower statistically compared
with the flow rates at implantation (P  .05). The differ-
ences between insertion vs harvest for the straight grafts
(658  68 vs 260  42 mL/min, P  .05) were higher
than for the Venaflo grafts (770  107 vs 661  284
mL/min, P ns). To be able to compare the relation of the
flow rates between the groups at implant and at explant, we
calculated an index of the flow loss. The flow loss index
(explantation flow  100/implantation flow) was 0.39 for
the straight and 0.86 for the Venaflo grafts, respectively.
Histologic analyses. A notable pseudointima on the
wall of the ePTFE grafts developed in all animals. In
addition, a marked neointimal hyperplasia was seen in the
recipient vein wall directly opposite to the graft entrance
region (Fig 5).
Recipient vein. The neointima showed a characteris-
tic distribution across the vein wall with the highest amount
Fig 6. Hypothesis of the pathophysiology of pseudoint
(ePTFE) grafts. The sudden widening of the anastomos
ePTFEwall. Comparable flow separations were previously
dynamics calculations.8,9 In the flow separation zones th
time between blood and graft wall. Due to the high thro
the separation areas during the course of weeks and monof intima present in the middle section of the hyperplasia dFig 3). The mean total length of the hyperplastic response
as 11.7  4.2 mm for straight and 10.7  3.3 mm for
uffed grafts (ns). However, the development of hyperpla-
ia was more pronounced in the straight grafts.
PTFE grafts. In the venous part of the ePTFE grafts,
varying degree of pseudointima formation was found.
he highest amount of pseudointima was present in the
uffed section of the Venaflo grafts (Fig 6). The pseu-
ointima development was statistically significantly higher
n the hood portion (2.9  0.6 mm) than in the anasto-
otic heel (2.5  0.4 mm, P  .05).
Likewise, in the straight grafts a lumen constricting
seudointima was seen in the remaining patent graft at
he time of harvest (Fig 7). This pseudointima formation
as leading to a subtotal outflow stenosis of the graft-
ein anastomoses with an anticipated impending graft
hrombosis.
Arterial anastomoses. A small amount of pseu-
evelopment in cuffed expanded polytetrafluoroethylene
the cuff section leads to flow separation areas near the
d both in in vitro studies as well as in computational fluid
recirculates forward and backward with a long contact
enicity of PTFE, eventually a pseudointima develops in
fter the implantation.ima d
is in
foun
e flow
mbogointima developed within the arterial anastomoses. The
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the anastomosis. However, no significant subtotal of steno-
ses were found in any of the grafts.
DISCUSSION
Arteriovenous ePTFE grafts still have a poor long-term
prognosis.1,2 After a varying period of time, a severe steno-
sis of the graft vein anastomosis develops in most cases,
eventually leading to a graft thrombosis.14 The reported
patency rates for straight grafts are lower than for Venaflo
grafts. However, even for the latter the long-term patency
rates are unsatisfactory.4,15
The hemodynamics of an arteriovenous shunt anasto-
mosis is intricate. Several computational and in vitro studies
revealed the complex flow pattern of these rather nonphysi-
ologic conjunctions of an arterial pulsatile high-pressure
high-flow circulation with a venous low-pressure low-flow
system.8-11 In summary, two separate pathophysiologic
problems prevail that eventually lead to the venous stenosis.
They comprise an active adaptation of the vein wall and a
passive remodeling of the ePTFE graft.
First, the high-shear forces, generated by the arterial
inflow jet, lead to a hyperplastic response of the vein
wall.16,17 The shearing forces are thought to be responsible
in the first instance for the venous intimal hyperplasia,
which develops on the venous wall just opposite the arterial
inflow region. However, the second major problem re-
mains the pseudointima development on the ePTFE wall,
which is a more passive type adaptation. The pseudointima
develops in flow separation zones near the prosthesis
wall.18 Due to the high thrombogenicity of ePTFE, throm-
botic accumulations develop in these low- or no-flow areas,
which are later remodeled to a firm layer constricting the
lumen.19
To enhance the long-term results of straight prosthe-
ses, the Venaflo graft was developed.20 The Venaflo con-
figuration consists of an asymmetric-shaped cuffed expan-
sion at the venous end of the graft. The cuff has a smaller
heel and a larger hood section. The configuration was
chosen to optimize the complex hemodynamics and to
Fig 7. Comparison of the venous anastomosis of a s
development was more pronounced in the straight graft,
pseudointima development was more prominent in the hdecrease the shear stress levels at the recipient vein wall. several in vitro and computational studies showed that the
enaflo cuff was indeed able to significantly decrease the
enous wall shear stress levels.9,18 The decrease of shear
orces is attributed to the sudden expansion of the venous
enaflo end. The luminal expansion leads to a decrease of
hemainstream flow velocities. Although the total length of
he cuff is short, due to its vast expansion, the flow velocity
s markedly decreased and, therefore, the shear forces acting
n the vein wall are considerably reduced.
The successful reduction of wall shear stress should be
ssociated with a diminution of the venous intimal hyper-
lasia, and this was clearly shown in the presented study.
he amount of IH, which developed on the venous wall,
as far more pronounced in the straight graft group. Al-
hough the level of statistical significance was not reached,
hich was explained by the small sample size of patent
traight grafts at the time of harvest, there was a clear
ifference present. The amount of intimal hyperplasia was
ore than doubled in the straight grafts. These findings,
owever, are consistent with the reports of several other
uthors, which used porcine models of straight arterio-
enous ePTFE grafts. Rotmans equally reported of a rapid
v-graft failure within 8 weeks due to a thick intimal hyper-
lasia development in the venous anastomoses with super-
mposed thrombus formation.21 Misra, who also used a
etroperitoneal approach, found a considerable increase of
he intima-to-media ratio which was similar to our re-
ults.22
These findings correlate well with the reported early
linical results of the Venaflo graft that showed that the
hort-term prognosis could be improved as opposed to the
traight graft.4,15 However, the long-term prognosis of
uffed grafts is still very limited, since the grafts start to fail
fter a delayed time.
This late occlusion pattern could be attributed to the
elayed pseudointima development within the cuffed por-
ion of the Venaflo graft. The in vitro studies showed that in
he Venaflo cuff, large separation areas were prevailing.8 A
ow separation invariably occurs in pipe flow bends or
ht and cuffed arteriovenous graft. The pseudointima
ng to a subtotal stenosis. In the Venaflo-type grafts, the
section of the anastomosis.traig
leadiudden expansions, when the mainstream-wall angle ex-
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is associated with head and energy losses. However, the
problem with separation zones within prosthetic grafts is
the high thrombogenicity of the ePTFE wall. Blood enters
the PTFE pores and forms local clots that are eventually
transformed into the well-known pseudointimal layer.
Therefore, the development of flow separation areas should
be avoided within ePTFE grafts. The pseudointima within
prostheses is typically found in the vicinity of the anasto-
mosis since these are the parts of a graft where the flow
disturbances mostly occur. Over the length of the graft, a
pseudointima is usually found only when a low flow state is
present or the effective mainstream width is markedly
smaller than the graft lumen. A typical clinical example is
the concentric thrombus formation within aneurysmatic
vessels. In these cases, the flow separations near the wall are
filled with thrombotic material. The same principle applies
to graft anastomosis, albeit smaller.
We have found a very distinctive pseudointima devel-
opment within the used Venaflo-type cuffed grafts. The
cuff at the venous end was filled with large pads of pseu-
dointima, which occluded the lumen and in some cases
gave rise to a subtotal outflow stenosis (Fig 5). The pseu-
dointima development was significantly higher in the hood
than in the heel section of the grafts. This has confirmed the
theory that the separation zones are a significant contribu-
tor to the pseudointima development.
The chosen pig model represents a standard model
for arteriovenous access experiments in animals.21-24
Many studies used the pig, because the vessel size, flow
rates, shear stress, and the ability to develop an intimal
hyperplasia are very similar to humans. However, while
most authors favored the carotid-jugular vein graft as a
model, we used the iliac av-loop model.3 The reasons for
this were the vessel sizes, which were almost identical to
the human dimensions, compared with the situation in
the neck, where the carotid artery is somewhat smaller in
smaller pigs. The other reason was that we wanted to
eliminate the possibility of a graft infection, since the
grafts are more secured in the retroperitoneal space than
subcutaneously. The measured flow rates, which are
pivotal for shear stress and intimal hyperplasia develop-
ment, resembled values in humans.
To address both general problems of prosthetic arterio-
venous shunts (high shear forces and large separation areas)
and to enhance the poor long-term prognosis, further graft
design improvement will be necessary. The recently intro-
duced Bi-Flow graft addresses both problems simultane-
ously.18 It combines a venous diffuser part with a flow
separation of the venous outflow section. The early in vitro
results are promising, but the graft is still under develop-
ment and clinical data are lacking. Therefore, until an
improved prosthetic graft is available, the use of a vein for
vascular access remains the first choice.
The authors would like to thank Karin Jandt for her
editorial assistance.UTHOR CONTRIBUTIONS
onception and design: MH, CH
nalysis and interpretation: MH
ata collection: IH, A-KG, AK
riting the article: MH
ritical revision of the article: PK, CH
inal approval of the article: MH, IH, CH
tatistical analysis: A-KG, AK
btained funding: MH, IH
verall responsibility: MH
EFERENCES
1. Hakim R, Himmelfarb J. Hemodialysis access failure: a call to action.
Kidney Intl 1998;54:1029-40.
2. Hayakawa K, Miyakawa S, Hoshinaga K, Hata K, Marumo K, Hata M.
The effect of patient age and other factors on the maintenance of
permanent hemodialysis vascular access. Ther Apher Dial 2007;11:36-
41.
3. Roy-Chaudhury P, Kelly BS, Melhem M, Zhang J, Li J, Desai P, et al.
Vascular access in hemodialysis: issues, management, and emerging
concepts. Cardiol Clin 2005;23:249-73.
4. Ko PJ, Liu YH, Hung YN, Hsieh HC. Patency rates of cuffed and
noncuffed extended polytetrafluoroethylene grafts in dialysis access: a
prospective, randomized study. World J Sur 2009;33:846-51.
5. Huber TS, Carter JW, Carter RL, Seeger JM. Patency of autogenous
and polytetrafluoroethylene upper extremity arteriovenous hemodialy-
sis accesses: a systematic review. J Vasc Surg 2003;38:1005-11.
6. Bittl JA, Cohen DJ, Seek MM, Feldman RL. Economic analysis of
angiography and pre-emptive angioplasty to prevent hemodialysis-ac-
cess thrombosis. Catheter Cardiovasc Interv 2010;75:14-21.
7. Lemson MS, Tordoir JH, van Det RJ, Welten RJ, Burger H, Estourgie
RJ, et al. Effects of a venous cuff at the venous anastomosis of polytet-
rafluoroethylene grafts for hemodialysis vascular access. J Vasc Surg
2000;32:1155-63.
8. Heise M, Schmidt S, Kruger U, Pfitzmann R, Scholz H, Neuhaus P, et
al. Local haemodynamics and shear stress in cuffed and straight PTFE-
venous anastomoses: an in-vitro comparison using particle image veloci-
metry. Eur J Vasc Endovasc Surg 2003;26:367-73.
9. Krueger U, Huhle A, Krys K, Scholz H. Effect of tapered grafts on
hemodynamics and flow rate in dialysis access grafts. Artif Organs
2004;28:623-8.
0. Krueger U, Zanow J, Scholz H. Computational fluid dynamics and
vascular access. Artif Organs 2002;26:571-5.
1. Longest PW, Kleinstreuer C. Computational haemodynamics analysis
and comparison study of arterio-venous grafts. J Medial Engin Technol
2000;24:102-10.
2. Longest PW, Kleinstreuer C, Andreotti PJ. Computational analyses and
design improvements of graft-to-vein anastomoses. Crit Rev Biomed
Eng 2000;28:141-7.
3. Smits AJ. A physical introduction to fluid mechanics. New York: John
Wiley and Sons Inc; 2000.
4. Tsoulfas G, Hertl M, Ko DS, Elias N, Delmonico FL, Romano L, et al.
Long-term outcome of a cuffed expanded PTFE graft for hemodialysis
vascular access. World J Sur 2008;32:1827-31.
5. Liu YH, Hung YN, Hsieh HC, Ko PJ. Impact of cuffed, expanded
polytetrafluoroethylene dialysis grafts on graft outlet stenosis. World
J Sur 2006;30:2290-4.
6. Fillinger MF, Reinitz ER, Schwartz RA, Resetarits DE, Paskanik AM,
Bredenberg CE. Beneficial effects of banding on venous intimal-medial
hyperplasia in arteriovenous loop grafts. Am J Surg 1989;158:87-94.
7. Hofstra L, Bergmans DC, Leunissen KM, Hoeks AP, Kitslaar PJ,
Daemen MJ, et al. Anastomotic intimal hyperplasia in prosthetic arte-
riovenous fistulas for hemodialysis is associated with initial high flow
velocity and not with mismatch in elastic properties. J Am Soc Nephrol
1995;6:1625-33.
22
2
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 6 Heise et al 166718. Heise M, Kirschner P, Rabsch A, Zanow J, Settmacher U, Heidenhain
C. In vitro testing of a newly developed arteriovenous double-outflow
graft. J Vasc Surg 2010;52:421-8.
19. Watase M, Kambayashi J, Itoh T, Tsuji Y, Kawasaki T, Shiba E, et al.
Ultrastructural analysis of pseudo-intimal hyperplasia of polytetrafluo-
roethylene prostheses implanted into the venous and arterial systems.
Eur J Vasc Surg 1992;6:371-80.
20. Scholz H, Zanow J, Petzold K, Krueger U, Settmacher U, Petzold M.
Five years experience with arteriovenous patch prosthesis (AVP) as
access for hemodialysis. In: Henry ML, editor. Vascular access for
hemodialysis VI. Santa Monica, CA: Precept Press Inc; 1999, p. 241-
54.
21. Rotmans JI, Velema E, VerhagenHJ, Blankensteijn JD, Kastelein JJ, de
Kleijn DP, et al. Rapid, arteriovenous graft failure due to intimal
hyperplasia: a porcine, bilateral, carotid arteriovenous graft model.
J Surg Res 2003;113:161-71. S2. Misra S, Woodrum DA, Homburger J, Elkouri S, Mandrekar JN,
Barocas V, et al. Assessment of wall shear stress changes in arteries
and veins of arteriovenous polytetrafluoroethylene grafts using mag-
netic resonance imaging. Cardiovasc Intervent Radiol 2006;29:
624-9.
3. Lee BH, Nam HY, Kwon T, Kim SJ, Kwon GY, Jeon HJ, et al.
Paclitaxel-coated expanded polytetrafluoroethylene haemodialysis grafts
inhibit neointimal hyperplasia in porcine model of graft stenosis. Neph-
rol Dial Transplant 2006;21:2432-8.
4. Rotmans JI, Pattynama PM, Verhagen HJ, Hino I, Velema E, Pas-
terkamp G, et al. Sirolimus-eluting stents to abolish intimal hyperplasia
and improve flow in porcine arteriovenous grafts: a 4-week follow-up
study. Circulation 2005;111:1537-42.ubmitted Dec 1, 2010; accepted Jan 12, 2011.
